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(57) ABSTRACT 
This invention is intended to periodically correct the 
position and posture of an automatically steerable un 
manned moving body according to a guiding method 
with the aid of dead reckoning or the like. A plurality of 
sets of at least two ground marks (8) are placed on the 
movement passage of the unmanned moving body (1) in 
a spaced relation along a reference passage (15) and the 
ground marks (8) are visually recognized by means of a 
television camera (6) or the like mounted on the un 
manned moving body. Then, the existent position and 
posture of the unmanned moving body (1) are detected 
with reference to the results of visual recognization and 
thereafter the position and posture of the unmanned 
moving body (1) which have been calculated in accor 
dance with the aforesaid guiding method or the like are 
corrected in accordance with the thus detected results. 

7 Claims, 10 Drawing Sheets 

o 

DRection 
OTECTOR 

29 

GROUND MARK 
PoSTON 
MMORY 

  

  

  



U.S. Patent Aug. 29, 1989 Sheet 1 of 10 4,862,047 

  



U.S. Patent Aug. 29, 1989 Sheet 2 of 10 4,862,047 

4 R 3 9R 9L 3 4L 

FIG.2 
  



U.S. Patent Aug. 29, 1989 Sheet 3 of 10 4,862,047 
  



U.S. Patent Aug. 29, 1989 Sheet 4 of 10 4,862,047 
O 

DRECTION 
DETECTOR 

6 27 28 , 29 

GROUND MARK CAMERA MEA, CPU POSITION 

25 23 

-- (E)- amputer- VR 

26 24 

-- ()--ampure--it dra - V. 
2O 9R 2 

TTT - - 
PULSE LR 

|GENERATOR countERH 
| 

LL 
GENERATOR 
9 L 22 

  



U.S. Patent Aug. 29, 1989 Sheet 5 of 10 4,862,047 

A V 

FIG.S 

  



U.S. Patent Aug. 29, 1989 Sheet 6 of 10 4,862,047 

-D---> k1 M - 

M di CE, s 
N-- 8 8 

---------. All-4--- >----- SElias 
Pi Pi P+ 2 

pr = 0, dr = d 4 k2 

----D--------- d4 k. 
- \ d4 - d --- p- - - - p - 

- or f f 
- O - - - O - - - O - 8 8 

8 8 



U.S. Patent Aug. 29, 1989 Sheet 7 of 10 4,862,047 
6 27 28 3O 

FRAME PASSAGE -ele) - a 
25 23 

-- V 
GE) AMPLIFER --O R 

26 24 

-- (D-amplifiers dra - V. 
9R 2 

PULSE 
GENERATOR COUNTER 

PULSE 
GENERATOR COUNTER 

9L 22 

FIG. 11 



U.S. Patent Aug. 29, 1989 Sheet 8 of 10 4,862,047 

FIG.16 (a) 

  



U.S. Patent Aug. 29, 1989 Sheet 9 of 10 4,862,047 

---42 

FORWARD 
MOVEMENT REARWARD 

MOVEMENT 

FORWARD 
MOVEMENT 

REARWARD 
MOVEMENT 

FIG. 15 (C) 

  



U.S. Patent Aug. 29, 1989 Sheet 10 of 10 4,862,047 
7O 

TERMINAL PORTION 
(LOUD CRYSTAL, 

C KEY BOARD) 

5 5O 

FM SENSING 8 
AND RECEIVING MOVEMENT (RIGHT.T (LEFT. 26 

DEVICE CONTROLLER HAND) HAND) 
25NSERY SERVO 

AMPLFER AMPFER 

6 d, p MRS MOTOR MOTOR 

COMMAND 53 ML 

CAMERA 
52 

ARM 
CONTROLLER 

VISUAL 
CONTROLLER 

GRANULAR MATERIAL 
MEASURING 

54 6 55 62 5O 6 NSTRUMENT 
3 

SERVO SERVO SERVO 
AMPFER AMPFER AMPLIFER 

MOTOR MOTOR MOTOR 

57 58 5 9 

F/G, 16 

  

  



4,862,047 
1. 

APPARATUS FOR GUIDING MOVEMENT OF AN 
UNMANNED MOVING BODY 

TECHNICAL FIELD 

The present invention relates to an apparatus for 
guiding the movement of an unmanned moving body so 
as to guide the latter or correct its position using visual 
recognizing means. 

BACKGROUND ART 

Heretofore, as a method of bringing an unmanned 
vehicle to its destination along a predetermined move 
ment passage, a guiding method with the aid of dead 
reckoning is known which is carried out by estimating 
the existent position of the vehicle with the aid of a 
moving direction detector and a movement length mea 
suring instrument and then automatically steering the 
vehicle so as to pass through previously designated 
passing points on a predetermined passage. A drawback 
inherent to this method consists in that there occurs an 
error in respect of an estimated position of the vehicle 
due to ruggedness on the road surface or slippage of the 
vehicle, resulting in the vehicle failing to exactly pass 
through the predetermined passing points. Accord 
ingly, in order to obviate the above-mentioned draw 
back, there have been already made various proposals 
as noted below as to a method of placing suitable 
ground marks on the movement passage in a spaced 
relation and intermittently correcting the estimated 
position of the vehicle by detecting the ground marks 
from the vehicle side. 
(1) For instance, Japanese patent application No. 
204915/1982 discloses a technical concept that a light 
reflector is disposed on the side surface of an object 
serving as a target, a light emitting element and a light 
receiving element constituting one pair are mounted 
on an unmanned vehicle and the latter is caused to 
turn about a fixed point located in the proximity of 
the aforesaid target until the vehicle assumes a pos 
ture at which the light receiving element receives the 
highest intensity of light from the light reflector 
whereby a posture of the vehicle is controlled prop 
erly. 

(2) Further, Japanese patent application No. 
199007/1982 proposes another technical concept that 
a plurality of environmental matters such as wood, 
building or the like are utilized as marks for measur 
ing not only the position of an unmanned vehicle but 
also the position of a manned vehicle. 
However, the method as disclosed in the above item 

(i) fails to detect the ground marks due to disturbance 
during movement of the unmanned moving vehicle 
because a sensor adapted to detect the ground marks has 
a narrow detection range. Also, the method as proposed 
in the item (2) has problems that means for discriminat 
ing the environmental matter such as wood, building or 
the like requires a remarkably high production cost and 
therefore the method can not be put in practical use at 
present. 
The present invention has been made with the forego 

ing background in mind and its object resides in provid 
ing an apparatus for guiding the movement of an un 
manned body which assures that the position of the 
unmanned moving body can be exactly corrected at a 
lower cost. 
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2 
DISCLOSURE OF THE INVENTION 

The present invention provides an apparatus for guid 
ing the movement of an unmanned body, wherein a 
plurality of sets of at least two ground marks having a 
retroreflectivity or light emitting property are placed 
on the movement passage of the unmanned moving 
body along a reference passage and wherein the un 
manned moving body includes visual recognizing 
means for momentarily calculating the existent position 
and posture of the unmanned moving body, for in 
stance, in accordance with a guiding method with the 
aid of dead reckoning or the like and steering it under 
proper control with reference to the thus calculated 
values, memory means in which coordinate positions of 
the aforesaid ground marks are previously stored, de 
tecting means for obtaining a declination angle and 
declination angle of the unmanned moving body rela 
tive to the aforesaid reference passage and a distance 
from a line segment which extends through the un 
manned moving body to perpendicularly intersect the 
reference passage to the unmanned moving body with 
reference to at least the two ground marks which have 
been recognized by the aforesaid visual recognizing 
means and then detecting the existent position and pos 
ture of the unmanned moving body with reference to 
the thus obtained declination angle, displacement and 
distance as well as the content stored in the aforesaid 
memory means, and guiding position correcting means 
for properly correcting the position and posture of the 
unmanned moving body which have been calculated in 
accordance with the aforesaid guiding method or the 
like with reference to the thus detected position and 
posture whereby the position and posture of the un 
manned moving body of which movement is guided in 
accordance with the aforesaid guiding method or the 
like are corrected intermittently. 

Accordingly, the present invention assures that a 
plurality of ground marks can be reliably detected with 
the aid of the visual recognizing means having a wide 
visual field, the ground marks can be placed easily and 
moreover position correction can be highly exactly 
achieved at an inexpensive cost. BRIEF DESCRIP 
TION OF THE ORAWINGS 
FIGS. 1, 2 and 3 a perspective view, a side view and 

a plan view of an unmanned moving mody of which 
movement is guided by means of an apparatus in accor 
dance with an embodiment of the present invention. 
FIG. 4 is a view illustrating a geometrical relation 

between coordinates on a camera and coordinates on 
the ground surface. 
FIGS. 5 and 6 are an illustrative view for obtaining a 

displacement, declination angle and distance of the un 
manned moving body relative to the ground mark, 
respectively. 
FIG. 7 is a block diagram illustrating an example of 

for controlling the apparatus in accordance with the 
embodiment of the present invention. 

FIG. 8 is a graph illustrating a mamner of variation of 
a value K. 
FIG. 9 is a view exemplifying a system for producing 

a speed command signal. 
FIG. 10 is a view exemplifying a manner of guiding 

the movement of the unmanned moving body relative 
to a reference passage in accordance with other guiding 
system. 

FIG. 11 is a block diagram illustrating an example of 
arrangement for controlling the movement of the un 
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manned moving body in the case where the guiding 
system as shown in FIG. 10 is employed. 
FIGS. 12 and 13 are a view exemplifying a manner of 

determining another reference passage in accordance 
with the guiding system as shown in FIG. 10, respec 
tively. 

FIG. 14 is a perspective view illustrating an apparatus 
for guiding the movement of an unmanned moving 
vehicle in accordance with other embodiment of the 
present invention in the case where the present inven 
tion is applied to inspection of dust-proof filters in a 
clean room. 
FIGS. 15(a)-(c) are plan views of the ceiling of the 

clean room, particularly illustrating movement passages 
of the unmanned moving vehicle. 

FIG. 16 is a block diagram illustrating arrangement 
of various instruments mounted on the unmanned mov 
ing vehicle as shown in FIG. 14. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Now, the present invention will be described in a 
greater hereunder with reference to the accompanying 
drawings which illustrate preferred embodiments 
thereof. 
FIGS. 1, 2 and 3 are a perspective view, a front view 

and a side view each of which illustrates an unmanned 
moving body 1 of which movement is guided by means 
of an apparatus in accordance with an embodiment of 
the present invention. 
As will be apparent from the drawings, the moving 

body 1 is provided with casters 3 on both the sides of 
the forward and rearward parts of a housing 2 and 
moreover it is provided with driving wheels 4R and 4L 
on both the sides of the central part of the housing 2. 
The driving wheels 4R and 4L are adapted to be rotated 
by means of motors MR and ML which are separately 
mounted in the interior of the housing 2. An ITV cam 
era 6 serving as visual recognizing means is mounted on, 
a supporting stand 5 which is projected upwardly of the 
front part of the housing 2 and light emitters 7 are ar 
ranged on both the sides of the camera 6. 
The camera 6 is mounted on the supporting stand 5 so 

as to have a certain angle of declination which is suit 
ably determined in such a manner that a predetermined 
range of the road surface located forwardly of the hous 
ing 2 is included within the visual field of the camera 6, 
and the light emitters 7 are mounted so as to lighten the 
visual field of the camera 6. The motors MR and ML 
are equipped with pulse generators 9R and 9L such as 
pulse encoder or the like adapted to output pulse signals 
in response to rotation of the motors MR and ML. 

Further, the moving body 1 is provided with a direc 
tion detector 10 such as rate gyro or the like for detect 
ing the direction of movement of the moving body 1, a 
CPU 11 for controlling the movement of the moving 
body 1 and processing images, a battery 12 and a send 
ing and receiving antenna 13. 
A plurality of ground marks 8 placed on the road 

surface are adapted to function as a sign for the purpose 
of guiding the movement of the moving body 1. In the 
illustrated embodiment, a glass ball having a retroreflec 
tivity, that is, a nature of allowing light to be reflected 
in the same direction as that of incident light is em 
ployed for the ground marks 8. The ground marks 8 are 
placed in a spaced relation along a moving passage of 
the moving body1 in such a manner as to constitute one 
Set with two or more ground marks, and a line extend 
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4 
ing through a series of ground marks 8 functions as a 
reference line 15 for the moving body 1. It should be 
noted that a distance between the adjacent ground 
marks 8 is so determined that at least two ground marks 
8 are included within the visual field of the camera 6. 

Here, description will be made below as to a principle 
for calculating position of the moving body 1 relative to 
the ground mark 8 (identified by a combination of a 
displacement d, a declination or and a distance l) while 
seizing the ground mark 8 with the use of the camera 6. 
When X and Y coordinates are established with re 

spect to the ground surface and moreover x and y coor 
dinates are established with respect to an image surface 
Q of the camera 6, as shown in FIG. 4, there is existent 
a geometrical relation between a coordinate point M on 
the ground surface and a coordinate point m on the 
image surface Q corresponding to the aforesaid coordi 
nate point M. Accordingly, if the point coordinaten on 
the image surface Q is detected, the coordinate point M 
on the ground surface can be obtained and moreover an 
angle (depression angle) formed between a line segment 
Mn and the ground surface as well as an angle(azimuth 
angle) formed between a line segment Min which ap 
pears by projecting the aforesaid line segment Min onto 
the ground surface and the aforesaid Y-axis are obtained 
tOO. 

Incidentally, in the drawing a point C is representa 
tive of a lens main point in the camera 6. The coordi 
nates X and Y on the ground surface are established on 
the assumption that a point where a perpendicular ex 
tending through the point C intersects the ground sur 
face is represented by a coordinate original point O, and 
the Y coordinate coincides with the direction of move 
ment of the moving body 1. 

Next, consideration is taken as to the case where 
coordinate points M1 and M2 on the ground surface are 
included within the visual field of the camera 6, as 
shown in FIG. 5. 
A depression angle y1 and an azimuth angle (31 with 

respect to the coordinate point M1 as well as a depres 
sion angle y2 and an azimuth angle (32 with respect to 
the coordinate point M2 are obtainable from coordinate 
points mt and m2 (not shown) on the image surface Q of 
the camera 6 corresponding to the aforesaid coordinate 
points M1 and M2 in the samne manner as mentioned 
above. If the coordinate points M1 and M2 are obtained, 
an angle ot formed between a line segment (reference 
passage) 15 extending through the coordinate points 
M1 and M2 and the Y-axis as well as a length d of the 
perpendicular extending from the original point O to 
the reference passage 15 can be calculated in accor 
dance with the following formulas (1) and (2). 

- an- ( ) 
(1) 

tan y2 sin g - tan y1 sin 32 
tan y1 cos 32 - tan y2 cos gl 

h sin (81 -- d.) (2) 
tan y1 

where h is representaive of a distance between point C 
and point O. 

Further, a distance 1 between a foot point N of the 
perpendicular extending from point O and the coordi 
nate point M1 and a distance 12 between the foot point N 
and the coordinate point M2 on the reference passage 15 
can be calculated in accordance with the following 
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formulas (3) and (4) with reference to the geometrical 
relation as shown in FIG. 6. 

d (3) 
h = an 8) 
--d- (4) h = an 8.5 

When it is considered that the coordinate points M1 
and M2 are representative of the position where the 
ground mark 8 is located, it follows that the angle or is 
representative of a declination angle of the moving 
body 1 relative to a line segment extending between the 
adjacent ground marks 8, the distance d is representa 
tive of a displacement (displacement in the transverse 
direction) of the moving body 1 relative to the aforesaid 
line segment and the distances l1 and l are representa 
tive of a distance of movement of the moving body 1 to 
the ground marks M1 and M2 along the reference pas 
sage 15, respectively. 
The above description is intended to explain a princi 

ple for detecting a position of the moving mody 1 rela 
tive to the ground mark 8 and a posture angle of the 
moving body 1 relative to the reference passage 15. In 
the following embodiments, this principle is applied to 
correction of the position and the posture of the moving 
body when movement of the moving body is guided 
along a predetermined movement passage in accor 
dance with a speculation navigation method. Now, 
description will be made below as to an embodiment of 
the present invention with reference to FIG. 7 which is 
a block diagram illustrating how to control the move 
ment of the moving body. 

Refering to FIG. 7, a movement distance detector 20 
detects movement distances LR and LL of the moving 
body 1 by counting the nummber of pulses transmitted 
from the pulse generators 9R and 9L fitted to the driv 
ing wheels 4R and 4L with the use of counters 21 and 22 
and the thus detected movement distance LR and LL are 
inputted into the CPU 11. In this case, the CPU 11 uses 
an average value of values counted by both the counters 
21 and 22 as distance data in order to obtain a movement 
distance of the central position of the moving body 1. 
The direction detector 10 is a rate gyro which obtains 
the direction of movement of the moving body 1, for 
instance, by detecting an extent of variation in direction 
of the movement and then integrating the results of 
detection, and the thus detected direction of movement 5 
of the moving body is inputted into the CPU 11. The 
CPU 11 speculates an existent coordinate position of the 
moving body with reference to date concerning 
movement distance and data concerning direction of 
the movement both of which are inputted thereinto 
from the movement distance detector 20 and the direc 
tion detector 10 and then detects an extent of displace 
ment away from the predetermined movement passage 
16 (see FIG. 1) and a posture angle of the moving body 
1 whereby movement of the moving body 1 is so con 
trolled that the moving body 1 moves along the prede 
termined movement passage 16. 
As shown in FIG. 8, the CPU 11 includes a program 

for producing a speed command VR by adding a value 
K to a moving speed command V for the moving body 
1 and producing a speed command VL by subtracting a 
value K from the aforesaid moving speed command V, 
and the thus produced commands VR and VL are added 
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6 
to servo amplifiers 25 and 26 via D/A converters 23 and 
24. 
The aforesaid value K varies with respect to 

AV = (dr-d)--C(or -o) (C;constant) in such a fashion 
as shown in FIG. 9. Accordingly, in the case where 
both difference between a predetermined displacement 
dr and an actual displacement d and difference between 
a target declination angle or and an actual declination 
angle or are small and AV has a value within an insensi 
ble zone D as shown in FIG. 9, the result is that K= O 
is established and thereby speed commands as repre 
sented by VR=V and VL=V are produced whereby 
the driving wheels 4R and 4L are rotated at the same 
rotational speed and thereby the moving body 1 is 
caused to move linearly. 

Further, in the case where A V assumes a positive 
value more than the value within the insensible zone D, 
the result is that VRdVL is established. Thus, the right 
hand driving wheel 4R is rotated at a rotational speed 
higher than that of the left-hand driving wheel 4L and 
thereby the moving body 1 is steered to move in the 
leftward direction. On the contrary, in the case where 
AV assumes a negative value more than the value 
within the insensible zone D, the result is that VR <VL 
is established. Thus, the moving body 1 is steered to 
move in the right-hand direction. It should be noted 
that a steering angle increases as an absolute value of 
AV increases. 
On the other hand, a video signal outputted from the 

camera 6 is binary-coded in an A/D converter 27 and 
thereafter it is writen into a frame memory 28. At every 
time when one figure section is produced, the content 
stored in the frame memory 28 is introduced into the 
CPU 11. Accordingly, when the moving body 1 ap 
proaches in the proximity of the ground mark 8 as it 
moves, the ground mark 8 is seized as a bright point 
shaped figure image by means of the camera 6 due to the 
fact that the ground mark 8 is formed by a glass ball 
having a retro-reflectivity. Then, the CPU 11 recog 
nizes a plurality of ground marks 8 (for instance, 2 to 3 
ground marks) existent within the visual field of the 
camera 6 with reference to data concerning the bright 
point-shaped figure image stored in the frame memory 
28 and selects two ground marks 8 among the plurality 
of ground marks, for instance, two ground marks from 
those located in the proximity of the moving body. 
Then, the CPU 11 obtains coordinate points M1 and M2 
on the ground surface with respect to two ground 
marks, calculates a declination angle y1 and an azimuth 

0 angle (31 with respect to coordinate point M1 as well as 
a declination angle y2 and an azimuth angle S2 with 
respect to the coordinate point M2 and then executes 
operations as shown in the formulas (1), (2), (3) and (4) 
to obtain a declination angle ot, a displacement d and 
distancel and lz of the moving body 1. 

Positional coordinates of each of the ground marks 8 
are previously stored in a ground mark position meme 
ory 29 as in shown 7, and the CPU 11 obtains the exis 
tent coordinate position and posture of the moving 
body 1 with reference to the declination angle ot, the 
displacement d and the distances l1 and 12 of the move 
ment body 1 obtained in the above-described manner 
and the coordinate position of the ground mark 8 read 
out from the coordinate position memory 29. Then, the 
thus obtained data are compared with the speculated 
coordinate position and posture obtained in response to 
detection output of the movement length detector 20 
and the direction detector 10, and the speculated posi 
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tion and posture are corrected by driving the motors 
MR and ML under proper control with reference to the 
results of the aforesaid comparison. Thereafter, steering 
and controlling of the moving body 1 are achieved in 
accordance with the speculation navigation method 
while the corrected position and posture of the moving 
body 1 are maintained as initial state. 

Thus, according to the above-described embodiment 
of the present invention, any ground mark not only can 
be reliably detected with the use of visual recognizing 
means having a wide visual field but also placement of 
the ground mark can be easily carried out. Accordingly, 
the position of the moving body can be corrected ad 
vantageously in terms of cost and at a high accuracy. 

Incidentally, in the above-described embodiment, 
glass balls having a returnable reflectivity are used as a 
ground mark 8. However, the present invention should 
not be limited only to this. Alternatively, corner cube 
prisum, adhesive tape having a returnable reflectivity in 
a predetermined form, light reflector usable for guide 
rail or the like may be employed in place of the glass 
ball. In the case where these ground marks are in use, 
they can be easily discriminated from other object ap 
pearing on a figure image when they have a predeter 
mined shape. 

Further, it is possible to use a light emitting body 
such as LED, electric-light bulb, flurorescent lamp or 
the like as a ground mark 8, and in this case, the light 
emiiters 7 employed for the illustrated embodiment are 
not required. Incidentally, when light emitters adapted 
to emit light having a specific wave length are used, 
disturbance can be removed by providing on the the 
visual recognizing side a filter through which light 
having the aforesaid specific wave length can pass. 
Similarly, disturbance can be removed by intermittently 
turning on the light emitter at a predetermined fre 
quency by performing image processing with the use of 
frequency of the aforesaid intermittent turning-on on 
the visual recognizing side. 

After all, a variety of ground marks can be selectively 
used as a ground mark 8, as far as visual recognizing 
means can distingish the ground mark 7 from other 
object. Accordingly, it suffices that ground marks most 
suitable for the moving atmosphere in which the mov 
ing body 1 moves are selected and used. 

Further, in the above-described embodiment the tele 
vision camera 6 is used as visual recognizing means, but 
in the case where light emitters are employed for the 
ground marks 8, a two-dimensional semiconductor posi 
tion detector (position sensor) can also be used as visual 
recognizing means. 

In the illustrated embodiment, steering and control 
ling of the moving body 1 are achieved in accordance 
with the speculation navigation method. Further, ac 
cording to the arrangement made in the above 
described manner, it is possible to enable the moving 
body 1 to move along various passeges by using as a 
reference the ground marks having a 

retro-reflectivity disposed intermittently along a pre 
determined reference passage for the purpose of guiding 
the movement of the moving body 1. 
Namely, a reference passage K is constituted by a 

plurality of ground marks 8 as shown in FIG. 10. As is 
apparent from the drawing, the ground marks 8 are 
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the moving body 1 and a line extending through the 
ground marks 8 functions as a reference passage ki 
relative to the moving body 1, as will be described later. 

8 
A distance between the adjacent ground marks 8 is so 
determined that at least two ground marks are always 
included within the visual field of the camera 6. 
Namely, if a target displacement dr (or target distance 
dr and target declination angle or) is preset with re 
spect to each of sections Li, Li+1,-on the passage the 
moving body 1 is so steered that an actual displacement 
dr (or actual displacement dr and actual declinatiuon 
angle or) of the moving body 1 with respect to each of 
the aforesaid sections coincides with a predetermined 
displacement dr (or predetermined displacement dr and 
predetermined declination angle or) with respect to the 
aforesaid section, movement of the moving body 1 
along various passages having a reference passage kl as 
a reference, for instance, a passage k1" as shown in the 
drawing can be guided. 
FIG, 11 is a block diagram illustrating an embodi 

ment for controlling the movement of the moving body 
under proper guiding in the above described manner, 
and a target displacement dr and a target declination 
angle or to be assumed by the moving body 1 at each 
of positions are previously stored in a passage memory 
30. For instance, in the case where a reference passage 
K1 is constructed as shown in FIG. 10 by a series of 
ground marks 8, a plurality of target displacements dr 
(di, di-1,-) and a plurality of target declination angles 
or are stored with respect to positions Pi, Pi-i,-. 

Since each of the ground targets 8 is constituted by a 
glass ball having a retro-reflectivity, as mentioned 
above, it is seized as a bright point-shaped figure image 
by means of the camera 6. Then, the CPU 11 visually 
recognizes a plurality of ground marks 8 (for instance, 2 
to 3 ground marks) existent within the visual field of the 
camera 6 with reference to the data concerning the 
bright point-shaped figure image stored in frame mem 
ory 28 and then selects two ground marks, for instance, 
adjacent two ground marks among these ground marks. 
Thereafter, coordinate points M1 and M2 on the ground 
surface shown in FIG. 5 are obtained with respect to 
the two ground marks as mentioned above, a declina 
tion angle y1 and an azimuth angle (31 with respect to 
the coordinate point M1 as well as a declination angle l? 
and an azimuth angle g2 are calculated and then opera 
tions as shown in the above-noted equations (1), (2), (3) 
and (4) are executed whereby a declination angle O and 
a displacement d of the moving mody 1 are obtained. 
The CPU 11 detects the position Pi, Pi--i,-by 

counting from output of the camera 6 the number of 
ground marks 8 which pass through each of above posi 
tions and then successively read from the memory 15 
the target displacement dr and the target declination 
angle or with respect to each of the positions. Then, 
speed commands VR and VL to be issued to the motors 
MR and ML are produced and outputted with refer 
ence to the read displacement dr and declination angle 
o as well as the detected actual displacement d and the 
actual declination angle or of the moving body 1 in the 
the above-described manner. 
When the guiding method as mentioned above is 

employed, in the case where the target displacements dr 
with respect to the positions Pi, Pi-1, Pi--2,-as 
shown in FIG. 10 are set in such a manner that di; 
(>O), di-1 (>O), di-2 (>O) and each of the target 
declimination angles or is set to or = 0, movement of 
the moving body i is so guided that a displacement of 
the moving body 1 amounts to di and a declination 
angle of the moving body 1 amounts to zero, for in 
stance, within the section Li. Also in other sections, 
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movement of the moving angle 1 is guided in the same 
manner. Accordingly, in the illustrated example a pas 
sage K1 shown by dotted lines in the drawing becomes 
a movement passage of the moving body 1. 

Incidentally, when this guiding method is employed, 
it is possible to guide the movement of the moving body 
1 along a passage K2, shifted from the reference passage 
K2 by a distance of d4, as shown in FIG. 12. Further, it 
is naturally possible to guide the movement of the mov 
ing body along a passage K3 identical to the reference 
passage K3 as shown in FIG. 13. 
As is apparent from the above description, this em 

bodiment offers an advantageous effect that movement 
of the moving body can be guided along various pas 
sages different from a reference passage by changing a 
target displacement or both a target displacement and a 
target declination angle with respect to each of the 
positions on the reference passage which is produced by 
a series of ground marks. 

In the above-described embodiment, a predetermined 
declination angle or is fixedly set to or 0. Alternatively, 
a proper amount of declination angle or is set at each of 
the movement position in dependence on a shape of the 
passage along which movement of the moving body 
should be guided. 

Further, in the above-described embodiment, both 
the target displacement and target declination angle are 
specified. Alternatively, only the displacement dr may 
be specified. That is to say, it is also possible to obtain a 
value of the aforesaid K by allowing the CPU 11 to 
process AV=(dr-d) and guide the movement of the 
moving body 1 with the use of the thus obtained value 
of K. It should be noted that when both the displace 
ment dr and the declination angle or are specified, 
changing of the passage of the moving body can be 
achieved at a higher accuracy. 

Furthermore, in the above-described embodiment, 
the positions Pi, Pi-i-where the passage of move 
ment of the moving body 1 varies are detected from the 
number of ground marks 8 which passes through each 
of the aforesaid positions. Alternatively, it is also possi 
ble that the ground marks relative to these positions are 
designed in a special form and their pattern is visually 
recognized in order that each of the positions is de 
tected. Further, it is also possible to give information 
indicative of each of the positions from a sign post or 
the like means which is disposed sidewardly of the 
passage. 

Incidentally, in the case where changing of the pas 
sage is effected at the position where the moving body 
1 moves from, for instance, the position Pi by a prede 
termined distance, the position where changing of the 
passage is achieved can be detected by counting the 
number of pulses outputted from the pulse generators 
9R and 9L as shown in FIG. 1 with the use of pulse 
counters after the moving body 1 reached the position 
Pi. In this case, the CPU 11 uses an average value of the 
counted values of both the counters as distance data in 
order to obtain a movement distance of the central 
position of the moving body 1. 

Next, description will be made below as to the case 
where the present invention is applied to an inspecting 
apparatus for inspecting a dust proofing property of a 
dust-proof filter arranged in a clean room. 
A factory in which precision parts are produced for 

semiconductor device or the like includes a number of 
filters on the ceiling side thereof in order to inhibit 

dust or the like fine granular foreign material from en 
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10 
tering these precision parts to degrade their properties. 
Thus, clean air is always blown through the filters into 
the interior of a clean room whereby the precision parts 
are produced in the clean room. 

However, since the dust proofing property is de 
creased remarkably when small holes such as pin hole 
or the like are produced on the filters, a degree of clean 
liness in the interior of the whole clean room can not be 
maintained. 

Heretofore, an operator brings a granular material 
measuring instrument in a clean room when the latter is 
built or at a time of periodical inspection of the clean 
room in order to inspect the number of granular materi 
als included in an air which is blown into the interior of 
the clean room through the filters. However in the case 
where the clean room is inspected by an operator, some 
amount of dust is generate by him, resulting in a failure 
to obtain accurate inspection results. Another problem 
is that inspection performed by an operator takes a 
longer period of time and it is very difficult to hold a 
probe of the granular material measuring instrument 
while maintaining the same posture. 

In view of the problems as mentioned above, this 
embodiment is intended to automatically inspect the 
dust proofing property of the filter at a high accuracy 
for a short period of time in accordance with the above 
described method of guiding the movement of a moving 
body. 

FIG. 14 is a perspective view of a clean room and an 
unmanned moving vehicle to which the embodiment of 
the invention is applied. As is apparent from the draw 
ing, the clean room 40 is provided with a number of 
dust-proof filters 42 having a required contour on the 
ceiling (or the floor) thereof and each of the filters 42 is 
snugly fitted in a fitting frame 43. Further, the fitting 
frame 43 has a plurality of ceiling marks 8 for each of 
filters for the purpose of guiding the movement of an 
unmanned vehicle 1. Each of the ceiling marks 8 is 
made of returnable reflective material having high re 
flectivity. 
FIG. 15(a) is a plan view of the ceiling of the clean 

room as seen from the below. The unmanned vehicle 1 
moves forwardly along a passage between two rows of 
dust-proof filters 42 as represented by an arrow mark 
and temporarily stops at a measuring reference position 
pO as shown by the mark 8 in order to measure the 
number of granular materials blown through the two 
dust-proof filters 42 located on both the sides of the 
position PO by scanning operation with the use of a 
probe 45 which is attached to the top of an arm of a 
manipulator 44. On completion of the measurement, it 
moves forwardly further to a next measurement refer 
ence position P1 to carry out the same measuring opera 
tion. Such a measuring operation as mentioned above is 
performed for all the filters by allowing the unmanned 
vehicle to move along the passage as represented by 
arrow marks. 
During measuring operation the mark 8 is detected by 

means of a camera which is mounted on the side of the 
unmanned moving vehicle 1. However, when the un 
manned moving vehicle 1 reaches the measuring refer 
ence position Pi located closest to the wall surface of 
the clean room as seen in the direction of forward 
movement thereof, as shown in FIG. 15(b), there is not 
existent any mark in an area located forwardly of the 
unmanned vehicle 1 and therefore the latter can not 
make any decision as to its movement passage along 
which it moves. In view of this problem, an arrange 
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ment is made such that when it moves by a distance 
equal to substantially half of the width of the clean 
room, movement of the unmanned vehicle 1 is shifted to 
rearward movement to enter the next row of passage 
and when it moves to the position in the proximity of 
the wall surface of the clean room, movement of it is 
shifted to forward movement whereby all the filters 42 
can be inspected by repeating the above-mentioned 
Zigzag movements. 
FIG. 16 is a block diagram illustrating arrangement 

of various kinds of instruments and devices mounted on 
the unmanned moving vehicle 1. When a movement 
controller 50 receives an inspection start command via 
a FM sending and receiving device 51, a rotation com 
mand for rotating both the left-hand and right-hand 
wheels of the unmanned moving vehicle 1 is outputted 
and it is inputted into the motors MR and ML mounted 
on the wheel shaft via servo amplifiers 25 and 26. This 
causes the left-hand and right-hand wheels to start their 
rotation and thereby the moving vehicle starts its move 
ment. On the other hand, a visual controller 52 detects 
presence of a mark 8 by an image signal inputted from 
the photographying camera 6 to represent an area lo 
cated forwardly of movement of the moving vehicle 
and moreover it discriminates in accordance with the 
above-described method as to how much displacement 
(d) in the transverse direction and declination angle (o) 
the moving vehicle 1 has relative to the predetermined 
movement passage. The results of discrimination are 
transferred to the movement controller 50. Thus, the 
movement controller 50 controls a steering angle 6 with 
reference to the thus detected transverse displacement 
(d) and declination angle (o) so as to allow d = ors: 0 to 
be established. The steering angle is controlled by vary 
ing the number of rotations of both the left-hand and 
right-hand wheels in accordance with the aforesaid 
speed commands VR and VL. 
When the unmanned vehicle 1 reaches NO. n measur 

ing reference position Pn (n = 1, 2-) after starting of 
movement thereof along a predetermined movement 
passage, the movement controller 50 causes rotation of 
the wheels to be stopped temporally so as to issue a 
measuring start command to an arm controller 53 in 
order to start inspection of a dust profooing property of 
the dust proof-filters 42 at the existent poosition. Then, 
the arm controller 53 transmits signals for controlling a 
turning angle 61 of a base for the manipulator 44, an 
inclination angle 62 of the first arm and an inclination 
angle 63 of the second arm to motors 57, 58 and 59 via 
servo amplifiers 54, 55 and 56, controls the angles of 81, 
62 and 03 in accordance with an amount of rotations of 
the motors 57, 58 and 59 and then allows the probe 45 
on the top of the second arm to scan along the surface 
of each of the filters 42 that are an object to be mea 
sured. This causes the number of granular materials 
included in an air blown into the probe to be measured 
by means of a granular material measuring instrument 
60. The value of measurement is transferred to a termi 
nal 70 comprising a liquid crystal display device, a key 
board ad an auxiliary storage device whereby the num 
ber of the thus measured filter and informations con 
cerning the the position where the filter is fitted are 
stored in the terminal 70 in an addition form. 
Thus, a dust proofing property of all the dust-proof 

filters 42 is inspected by performing the above-men 
tioned operations at each of the measuring reference 
points. 
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12 
In order to control a distance of movement of the 

unmanned moving vehicle 1 and scanning operations of 
the probe 45 by means of the manipulator 44, data com 
prising a height of the ceiling, dimensions of the filter 
(as seen in the X and Y directions) and the number of 
fitting frames and a width of the fitting frame (as nea 
sured in the x and y directions) are fed from the key 
board in the terminal section 70 to the movement con 
troller 50, the visual controller 52 and the arm control 
ler 53. Further, data such as scanning speed of the probe 
45, measuring time of the granular material measuring 
instruments 60 at each of the measurement positions or 
the like data are fed from the key board to the arm 
controller 53 and the granular material measuring in 
strument 60. 

Here, the reason why the number of fitting frames is 
inputted consists in that numerals of the numbers f and 
fy of fitting frames as counted in the x and y directions 
plus 1 are identical to the numbers of filters as counted 
in the x and y directions. 
When necessary data as mentioned above are input 

ted into the moving controller 50, the latter automati 
cally determines a movement sequence and a movement 
passage and on receipt of an inspection start signal, the 
unmanned moving vehicle starts its movement. Further, 
the moving controller 50 determines in dependence on 
a value of f whether the unmanned moving vehicle 
moves while inspecting the 

filters 2 on both the sides of the movement passage or 
it moves while inspecting the dust-proofing filters 2 on 
one side of the movement passage. Thus, an algorithm 
for determining a movement passage is determined so as 
to inspect all the filters at a high efficiency. 

Incidentally, a measured value relative to the number 
of granular materials stored in the auxiliary storage 
device of the terminal section 30 is displayed on a liquid 
crystal display device located outside the clean room 
after completion of the inspection operations or is 
printed by a printing device so as to confirm which 
filter has a degraded property. Further, it is possible to 
transmit data to a monitor device located outside the 
clean room during inspecting operation. 

It should of cousce be understood that not only the 
whole clean room but also only a specific area in the 
clean room can be inspected. 
According to this embodiment, a property of each of 

dust proof-filters can be automatically inspected by 
means of the granular material measuring instrument 
mounted on the unmanned moving vehicle in the 
above-described manner. Thus, a property of each of 
filters can be inspected at a high accuracy without any 
adverse effect caused by dust from an operator or the 
like. Further, since a movement passage for the purpose 
of inspection is automatically selectively determined in 
dependence on arrangement of the 

filters, inspection can be finished at a high efficiency 
within a short period of time. 
The present invention is advantageously useful for an 

apparatus for intermittently correcting the position and 
the posture of an unmanned moving body for which an 
automatic steering system such as speculation naviga 
tion method or the like is employed. Besides, it is appli 
cable to an unmannned moving body or the like for 
inspecting a dust proofing property of each of filters in 
a clean room or the like place. 
We claim: 
1. An apparatus for guiding the movement of an un 

manned moving body, wherein plural sets of at least 
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two ground marks are placed on a movement passage of 
said unmanned moving body in a spaced relation along 
a reference passage, and wherein said unmanned mov 
ing body includes; 

first detecting means for detecting the existent posi 
tion and posture of the unmanned moving body, 

visual recognizing means for visually recognizing 
presence of each of said ground marks, 

memory means for storing coordinate positions of 
each of the ground marks, 

second detecting means for obtaining a declination 
angle and a displacement of the unmanned moving 
body relative to said reference passage and a dis 
tance from a line segment which extends through 
the moving body to perpendicularly intersect the 
reference passage to the moving body with refer 
ence to at least the two ground marks which are 
recognized by said visual recognizing means, and 
detecting the existent position and posture of the 
unmanned moving body with reference to the thus 
obtained declination angle, displacement and dis 
tance as well as the content stored in said memory 
means, and 

guiding position correcting means for correcting the 
position and posture detected by said first detecting 
means with reference to the position and posture 
detected by said second detecting means, when 
detecting output from the second detecting means 
is obtained. 

2. An apparatus for guiding the movement of an un 
manned moving body as claimed in claim 1, wherein 
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14 
each of the ground marks is a ground Inark having a 
returnable reflectivity and the unmanned moving body 
further comprises light emitting means for lightening a 
visual field of said visual recognizing means. 

3. An apparatus for guiding the movement of an un 
manned moving body as claimed in claim 1, wherein 
each of the ground marks has a luminous property. 

4. An apparatus for guiding the movement of an un 
manned moving body as claimed in claim 1, wherein the 
visual recognizing means is mounted on the unmanned 
moving body while maintaining a properly determined 
depression angle. 

5. An apparatus for guiding the movement of an un 
manned moving body as claimed in claim 1, wherein the 
visual recognizing means comprises a television camera. 

6. An apparatus for guiding the movement of an un 
manned moving body as claimed in claim 1, wherein the 
visual recognizing means comprises a two-dimensional 
semiconductor position detector. 

7. An apparatus for guiding the movement of an un 
manned moving body as claimed in claim 1, wherein the 
first detecting means includes movement length detect 
ing means for detecting a movement length of the un 
manned moving body and movement direction detect 
ing means for detecting the direction of movement of 
the unmanned moving body whereby the existent posi 
tion of the unmanned moving body is calculated with 
reference to detection output from said first detecting 
means in accordance with a speculation navigation 
method. 
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